Formation of amyloid fibrils has been associated with many neurodegenerative disorders. A microscopic theory of fibril elongation was recently developed (Schmit, J. of Chem. Phys. 2013). The theory identifies conformational search over hydrogen-bonding states as the slowest step in the aggregation process and suggests that this search can be efficiently modeled as a random walk on a rugged one-dimensional energy landscape. This insight has motivated the development of a multi-scale computational algorithm for simulating fibril growth and nucleation in atomistic detail. Briefly, a large number of short simulations are performed to compute the system diffusion tensor in the reaction coordinate space predicted by the analytic theory. Ensemble aggregation pathways and growth kinetics are then computed from Markov state trajectories. The algorithm is deployed here to understand the fibril growth mechanism and kinetics of Aβ16-22 and its three PHE to cyclohexylalanine mutants (CHA19, CHA20 and CHA1920).
